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Abstract of JP2001250918 
PROBLEM TO BE SOLVED: To provide an 1C 
for switching power supplies that has the small 
number of parts, low manufacturing costs, and 
a soft start function. 

SOLUTION: An input-stage circuit 2 is 
composed of a p-channel MOSFET 3 and a 
resistor R3, and the output current of the input 
stage circuit is narrowed with time when power 
is turned on, thus achieving a soft start 
function. In this case, the input-stage circuit 
that is composed of a conventional voltage 
follower circuit and an inverting amplification 
circuit is composed by one MOSFET or a two- 
stage current mirror circuit, thus greatly 
reducing the number of the parts, and hence 
reducing manufacturing costs. 
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[JP, 2001-250918, A] 

[Claim(s)] 

[Claim 1] The input stage circuit which impresses supply voltage to the 1st external CR 
circuit and the 2nd external CR circuit, respectively, and impresses the 1st capacitor 
electrical potential difference which constitutes the 1st CR circuit, The 1st vibrator which 
impresses the output voltage and feedback voltage of this input stage circuit to an external 
capacitor through resistance, respectively, and outputs the 1st signal of a non-inverter 
based on this external capacitor electrical potential difference and a clock signal, The 2nd 
vibrator by which said 1st signal outputs the 2nd signal of an opposite phase based on the 
2nd capacitor electrical potential difference and clock signal which constitute said 2nd CR 
circuit, In the semiconductor integrated circuit which the AND circuit which outputs the OR 
of said 1st signal and 2nd signal is provided, and pulse width is expanded with after 
[ powering on ] time amount, and outputs the pulse signal of predetermined width of face 
from said AND circuit by predetermined time Said input stage circuit consists of p channel 
MOS FET, and supply voltage is impressed to the source of this p channel MOS FET. The 
semiconductor integrated circuit which the capacitor electrical potential difference of said 
CR circuit is impressed to the gate of said p channel MOS FET, and is characterized by 
outputting the output signal of an input stage circuit from the drain of said p channel MOS 
FET. 

[Claim 2] The input stage circuit which impresses supply voltage to the 1st external CR 
circuit and the 2nd external CR circuit, respectively, and impresses the 1st capacitor 
electrical potential difference which constitutes the 1st CR circuit, The 1st vibrator which 
impresses the output voltage and feedback voltage of this input stage circuit to an external 
capacitor through resistance, respectively, and outputs the 1st signal of a non-inverter 
based on this external capacitor electrical potential difference and a clock signal, The 2nd 
vibrator by which said 1st signal outputs the 2nd signal of an opposite phase based on the 
2nd capacitor electrical potential difference and clock signal which constitute said 2nd CR 
circuit, In the semiconductor integrated circuit which the AND circuit which outputs the OR 
of said 1st signal and 2nd signal is provided, and pulse width is expanded with after 
[ powering on ] time amount, and outputs the pulse signal of predetermined width of face 
from said AND circuit by predetermined time The semiconductor integrated circuit 
characterized by providing the 1st step of current Miller circuit where said input stage 
circuit consists of two steps of current Miller circuits, and said supply voltage and capacitor 
electrical potential difference of said CR circuit are inputted, and the 2nd step of current 
Miller circuit which outputs the output signal of said input stage circuit. 

[Claim 3] The input stage circuit which impresses supply voltage to the 1st external CR 
circuit and the 2nd external CR circuit, respectively, and impresses the 1st capacitor 
electrical potential difference which constitutes the 1st CR circuit, The 1st vibrator which 




impresses the output voltage and feedback voltage of this input stage circuit to an external 
capacitor through resistance, respectively, and outputs the 1st signal of a non-inverter 
based on this external capacitor electrical potential difference and a clock signal, The 2nd 
vibrator by which said 1st signal outputs the 2nd signal of an opposite phase based on the 
2nd capacitor electrical potential difference and clock signal which constitute said 2nd CR 
circuit, In the semiconductor integrated circuit which the AND circuit which outputs the OR 
of said 1st signal and 2nd signal is provided, and pulse width is expanded with after 
[ powering on ] time amount, and outputs the pulse signal of predetermined width of face 
from said AND circuit by predetermined time The 1st step of current Miller circuit where 
said input stage circuit consists of two steps of current Miller circuits, and said supply 
voltage and capacitor electrical potential difference of said CR circuit are inputted, The 
semiconductor integrated circuit characterized by providing the 2nd step of current Miller 
circuit which outputs the output signal of said input stage circuit, and inputting said 
feedback signal into said the 2nd step of current Miller circuit. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention is the semiconductor integrated circuits for switching 
power supplies etc., and relates to the semiconductor integrated circuit which has the 
function to which the soft start of the switching power supply etc. is carried out especially. 
[ 0002 ] 

[Description of the Prior Art] the thing of again examination — drawing 4 is the block 
diagram of the switching power supply circuit which has a soft start function. This block 
diagram consists of the semiconductor integrated circuit 51 (henceforth 1C) for switching 
power supplies, external CR circuits 59a and 59b, the C circuit 60, the FB circuit 57, 
MOSFET52 controlled by this IC51, a transformer 53, DC power supply 58, diode that is 
connected to the output side of a transformer 53 and that is not illustrated, an output 
voltage detecting element 55, and a photo coupler 56 driven with the feedback signal from 
this output voltage detecting element 55. 54 in drawing is a load. Moreover, VDD is the 
supply voltage of IC51. In addition, in aforementioned C, a capacitor and R show 
resistance and FB shows feedback. 

[0003] In drawing 4 , although the supply voltage VDD of IC51 rises for a short time and 
reaches the last attainment electrical potential difference after a switching power supply 
circuit starts (after the power source was switched on), the electrical potential difference of 
C51, C52, and C53 rises gradually. If the square wave electrical potential difference to 
which pulse width becomes large is outputted and this square wave electrical potential 
difference is given to the gate of MOSFET52 with time amount from the OUT terminal of 
IC51 at this time, the power supplied to a load 54 through a transformer 53 will increase 
with time amount. That is, the soft start of the electric power supply to a load 54 is carried 




out after powering on. 

[0004] Moreover, when the electrical potential difference supplied to a load 54 falls, a 
photo coupler 56 operates on the detection electrical potential difference outputted from 
the electrical-potential-difference detecting element 55, and the output current of this 
photo coupler 56 decreases. This current that decreased is inputted into the FB circuit 57, 
and a low electrical potential difference is outputted to FB terminal from the FB circuit 57. If 
IC51 receives this low electrical potential difference, the square wave electrical potential 
difference of large pulse width will be outputted from an OUT terminal, the supply voltage 
to a load 54 will be raised, sag will be compensated, and the electrical potential difference 
of fixed height will always be supplied to a load. 

[0005] Drawing 5 is the circuit diagram of the conventional 1C for switching power supplies. 
The voltage follower circuit 63 where this IC51 consisted of op amplifiers 65 (operational 
amplifier), The inversed amplification 64 which consisted of op amplifiers 66, and the 1st 
vibrator 67, The 2nd vibrator 68, diodes D61 and D62, and resistance R61, R62i and R63, 
It consists of each terminal connected with the semiconductor chip 61 with which AND 
circuit 70, a buffer circuit 71, and the clock circuit 69 are formed, and this semiconductor 
chip 61 by the bonding wire. Each terminal consists of an OUT terminal which are CS 
terminal linked to resistance of external RC circuits 59a and 59b, and the node of a 
capacitor, CR1 terminal, CR2 terminal, and an output terminal, and a FB terminal which 
transmits a feedback signal to a semiconductor chip 51 via a photo coupler 56 and the FB 
circuit 57. 

[0006] Drawing 6 is the wave of the circuit of drawing 5 of operation, the wave of each 
point and this drawing (b) lengthen a time-axis, and this drawing (a) expresses the wave of 
f points of this drawing (a). Actuation of IC51 and the wave of each part are explained 
using drawing 4 , drawing 5 , and drawing 6 . The charge of a power source inputs the 
electrical potential difference (wave of a points of drawing 6 (a)) of the capacitor C51 of CR 
circuit 59a which goes up gradually in the voltage follower circuit 63 from CS terminal of a 
points. The electrical potential difference (wave of b points of drawing 6 (a)) of b points 
which is the output voltage of this voltage follower circuit 63 also rises gradually. A period 
until this electrical potential difference is inputted into inversed amplification 64 and this 
electrical potential difference exceeds reference voltage E A high fixed electrical potential 
difference (VDD) is outputted, and the electrical potential difference of c points which is the 
output voltage of inversed amplification 64 decreases with lifting of capacitor C51 
electrical potential difference from the event of exceeding reference voltage E (wave of c 
points of drawing 6 (a)). 

[0007] The electrical potential difference of d points is an electrical potential difference of 
C53, and it charges through R63 from VDD, and it is the electrical potential difference of 
VDD until the clock signal outputted from the clock circuit 69 is inputted into the 1st 
vibrator 67. When a clock signal is inputted into the 1st vibrator 67, the 1st vibrator 67 




operates and C53 is made to discharge. Therefore, the electrical potential difference of d 
points falls. When this electrical potential difference becomes a predetermined value, the 
discharge to the 1st vibrator 67 stops, the charging current flows from the input stage 
circuit 62 to C53, and the electrical potential difference of d points rises and returns to 
VDD again. At this time, since the supply voltage to a load is small, contribution of the 
inrush current from FB terminal is very small. 

[0008] It depends for the R/C of the electrical potential difference of d points on the 
magnitude of the current from the input stage circuit 62. It depends for the magnitude of 
this current on the height of the electrical potential difference of c points. Therefore, in the 
field to which the electrical potential difference of c points falls with time amount, the R/C 
of the electrical potential difference of d points falls with time amount. Therefore, the 
depression period of the electrical potential difference of d points is expanded with time 
amount (wave of d points of drawing 6 (a)). If the clock signal (wave of ck of drawing 6 (a)) 
from the clock circuit 69 is inputted into the 1st vibrator 67 as this electrical potential 
difference of d points It synchronizes with a clock signal from Q terminal of the 1st vibrator 
67. The electrical potential difference of c points in the period of VDD In the period when 
the signal of narrow fixed pulse width and the electrical potential difference of c points 
become low with time amount, the square wave signal which pulse width (W1) (it is in 
agreement with the depression period of c points) expands with time amount is outputted 
(el point wave of drawing 6 (a)). 

[0009] On the other hand, it charges through R52 and the electrical potential difference of 
C52 is the electrical potential difference of VDD until a clock signal is inputted into the 2nd 
vibrator 68. When a clock signal is inputted, the 2nd vibrator 68 operates and C52 is made 
to discharge. Therefore, the electrical potential difference of C52 falls. When this electrical 
potential difference becomes a predetermined value, the discharge to the 2nd vibrator 68 
stops, the charging current flows through R52, and the electrical potential difference of 
C52 rises and returns to VDD again. The R/C of this electrical potential difference of C52 is 
decided by the time constant of C52xR52, and is regularity. Therefore, the depression 
period of the electrical potential difference of C52 is also fixed. 

[0010] If this electrical potential difference and clock signal of C52 are inputted into the 
2nd vibrator 68, from Q bar terminal of the 2nd vibrator 68, it synchronizes with a clock 
signal, and the output signal from Q terminal will be a signal of an opposite phase, and a 
square wave signal with fixed pulse width (W2) will be outputted (e2 point wave of drawing 
6 (a)). The square wave signal with which the pulse width outputted from the 
aforementioned Q terminal spreads gradually, When the square wave signal of the fixed 
pulse width outputted from Q bar terminal is inputted into AND circuit 70, the output signal 
of AND circuit 70 The square wave signal with which pulse width (deltaW) spreads 
gradually is outputted from the event of pulse width being zero and the period when the 
pulse width of the square wave signal of Q is smaller than the pulse width of the square 




wave signal of Q bar becoming large (wave of f points of drawing 6 (a)). This signal is 
inputted into a buffer circuit 71, and from a buffer circuit 71, it operates orthopedically to 
the gate signal which can drive MOSFET52 of drawing 4 , and outputs to an OUT terminal. 
From this OUT terminal, the rectangle form electrical potential difference on which pulse 
width spreads [ early BARUSU width of face ] gradually in zero is outputted. If MOSFET52 
drives on this square wave electrical potential difference, as described above, the power 
which increases gradually will be supplied to a load 54, and the soft start of the electric 
power supply to a load 54 will be carried out to it. 

[0011] As described above, when the electrical potential difference supplied to a load 54 
falls in a steady state, the feedback voltage impressed from FB terminal also falls, 
therefore the electrical potential difference of C53 falls, and the pulse width of the output 
voltage from an OUT terminal spreads. Consequently, the electrical potential difference 
which compensates the lowered electrical potential difference is supplied to a load 54, and 
the supply voltage to a load returns to it at a fixed electrical potential difference. 

[ 0012 ] 

[Problem(s) to be Solved by the Invention] This soft start function was given to the circuit 
which consists of a voltage follower circuit, and inversed amplification in the 
aforementioned conventional semiconductor integrated circuit. However, there are very 
many components mark which constitute these circuits as dozens of points. Therefore, the 
conventional semiconductor integrated circuit had the high manufacturing cost. 

[0013] The object of this invention solves the aforementioned technical problem, and there 
are few components mark, and it is to offer the semiconductor integrated circuit which has 
the soft start function that a manufacturing cost is low. 

[0014] 

[Means for Solving the Problem] The input stage circuit which impresses supply voltage to 
the 1st external CR circuit and the 2nd external CR circuit, respectively, and impresses the 
1st capacitor electrical potential difference which constitutes the 1st CR circuit in order to 
attain the aforementioned object, The 1st vibrator which impresses the output voltage and 
feedback voltage of this input stage circuit to an external capacitor through resistance, 
respectively, and outputs the 1st signal of a non-inverter based on this external capacitor 
electrical potential difference and a clock signal. The 2nd vibrator by which said 1st signal 
outputs the 2nd signal of an opposite phase based on the 2nd capacitor electrical potential 
difference and clock signal which constitute said 2nd CR circuit, In the semiconductor 
integrated circuit which the AND circuit which outputs the OR of said 1st signal and 2nd 
signal is provided, and pulse width is expanded with after [ powering on ] time amount, and 
outputs the pulse signal of predetermined width of face from said AND circuit by 
predetermined time Said input stage circuit consists of p channel MOS FET, and supply 
voltage is impressed to the source of this p channel MOS FET. The capacitor electrical 
potential difference of said CR circuit is impressed to the gate of said p channel MOS FET, 




and it considers as the configuration to which the output signal of an input stage circuit is 
outputted from the drain of said p channel MOS FET. 

[0015] It is good to consider as the configuration possessing the 1st step of current Miller 
circuit where said input stage circuit consists of two steps of current Miller circuits, and 
said supply voltage and capacitor electrical potential difference of said CR circuit are 
inputted, and the 2nd step of current Miller circuit which outputs the output signal of said 
input stage circuit. It is good for said input stage circuit to consist of two steps of current 
Miller circuits, to provide the 1st step of current Miller circuit where said supply voltage and 
capacitor electrical potential difference of said CR circuit are inputted, and the 2nd step of 
current Miller circuit which outputs the output signal of said input stage circuit, and for said 
feedback signal to consider as the configuration inputted into said the 2nd step of current 
Miller circuit. 

[0016] 

[Embodiment of the Invention] Drawing 1 is drawing showing the semiconductor integrated 
circuit of the 1st example of this invention. A semiconductor integrated circuit (IC1) shows 
the circuit diagram equivalent to the part of IC51 shown by the conventional dotted line. 
Moreover, the input stage circuit 2 is equivalent to the input stage circuit 62 of drawing 5 , 
and is constituted from this invention by p channel MOS FET3 and resistance R3. It 
connects with a VDD terminal and the source of p channel MOS FET3, connects with CS 
terminal and the gate of p channel MOS FET3, connects with the drain of p channel MOS 
FET3, and the end of resistance R3, and connects with the end of a capacitor Cl through 
the other end of R3, and CR1 terminal. Although the function of this input stage circuit 2 is 
the same as the input stage circuit 62 of drawing 5 , components mark are reducing it 
substantially with two pieces. Therefore, a manufacturing cost can decrease substantially. 
[0017] In drawing 1 , when a power source is switched on, the electrical potential 
difference of a capacitor CO rises gradually. Therefore, the gate voltage of VDD-C0 is 
impressed to the gate of p channel MOS FET3. Since this gate voltage is a high electrical 
potential difference to a threshold electrical potential difference, p channel MOS FET3 will 
be in an ON state, and the current which flows through p channel MOSes FET and R3 flows 
into Cl. If the electrical potential difference of CO rises with time amount, gate voltage will 
become low and the current which flows to p channel MOS FET3 will be extracted. If gate 
voltage becomes low and furthermore becomes below a threshold, p channel MOS FET3 
will stop the current which will be in an OFF state and flows to Cl. 

[0018] The first stage becomes the wave which is VDD and falls with time amount, and the 
electrical potential difference of h points is equivalent to the wave after the fixed field of the 
electrical potential difference of c points of drawing 6 (a). Therefore, each wave of Cl, the 
output of the 1 st vibrator 4, the output of the 2nd vibrator 5, and the output of AND circuit 6 
turns into d points of drawing 6 (a), el, and a wave equivalent to the wave of the e2 jump f. 
Therefore, the rectangle form electrical potential difference on which pulse width spreads 




[ early BARUSU width of face ] gradually in zero is outputted from an OUT terminal through 
a buffer circuit 7. If MOSFET52 drives on this square wave electrical potential difference, 
the power which increases gradually will be supplied to a load 54, and the soft start of the 
electric power supply to a load 54 will be carried out to it. 

[0019] in addition, parts other than input stage circuit 2 -- parts other than input stage 
circuit 62 of drawing 5 — corresponding -- Dll in drawing — D62 and R — 11R62 and R1 — 
R — 70 and 7 are equivalent to 71 and 8 is [ 63 and 4/67 and 5 ] equivalent to 69 for 68 
and 6. Moreover, in order to start an electric power supply quickly to a load, R3 in drawing 
can be deleted. Drawing 2 is drawing showing the semiconductor integrated circuit of the 
2nd example of this invention. Current Miller circuit consists of two steps for the part 
equivalent to drawing 1 . a VDD terminal and the source of p channel MOS FET 21 , 22, and 
23 — connecting — CS terminal and the gate of p channel MOS FET21 — connecting — 
drain connection of the drain of p channel MOS FET21, and n channel MOS FET24 — it 
carries out. It connects with the drain of n channel MOS FET24, and the gate of n channel 
MOS FET25. The drain of p channel MOS FET22 and the gate of p channel MOS FET23 
are connected. The drain of p channel MOS FET22 and the drain of n channel MOS FET25 
are connected. Gland GND is connected with the source of n channel MOS FET24, and the 
source of n channel MOS FET25, respectively. The drain of p channel MOS FET23 and the 
end of resistance R21 are connected. 

[0020] The 1st step of current Miller circuit consists of p channel MOS FET21, n channel 
MOS FET24, and n channel MOS FET25, and the 2nd step of current Miller circuit consists 
of p channel MOS FET22, p channel MOS FET23, and n channel MOS FET25. Resistance 
R21 is connected with the drain of p channel MOS FET23. The input of the input stage 
circuit 20 is the gate of p channel MOS FET21, and an output is the other end of resistance 
R21 . 

[0021] The output current (drain current of p channel MOS FET23) of the input stage circuit 
20 is changeable into arbitration by changing the area of each MOSFET which constitutes 
current Miller circuit unlike drawing 1 . Consequently, the rate which the depression period 
of the electrical potential difference of Cl linked to CR1 terminal expands with time amount 
can be adjusted to arbitration. Rather than drawing 1 , this circuit is too reduced 
substantially compared with the circuit of drawing 5 , although there are many components 
mark. Therefore, a manufacturing cost can also be reduced. 

[0022] In addition, in order to start an electric power supply quickly to a load, R21 in 
drawing can be deleted. Drawing 3 is drawing showing the semiconductor integrated circuit 
of the 3rd example of this invention. It is the circuit which removed the FB circuit 10 and 
photo coupler 11 linked to FB terminal of the circuit of drawing 1 , added photograph KAPU 
37 and the FB circuit 38 which are a circuit of FB signal transmission to the drain of p 
channel MOS FET32 equivalent to p channel MOS FET22 of the circuit of drawing 2 , and 
was connected. In addition, 31 , 33, 34 and 35 in drawing, and R31 are equivalent to 21 , 23, 




24 and 25 of drawing 2 R> 2, and R21, respectively. 

[0023] Since actuation of the input stage circuit 30 of a power up is the same as the input 
stage circuit 20 of drawing 2 R> 2, explanation is omitted. By the steady state, if the 
electrical potential difference impressed to a load falls, the current which flows into the FB 
circuit 38 will become small, and the drain current of p channel MOS FET33 will become 
small. This means that the output current of the input stage circuit 30 becomes small. If the 
output current of this input stage circuit 30 becomes small, as explained above, the pulse 
width of the square wave electrical potential difference outputted from the OUT terminal of 
IC1 will spread, and the electrical potential difference supplied to a load will rise. 
Consequently, sag is compensated and a fixed electrical potential difference is supplied to 
a load. Compared with the circuit of drawing 5 , components mark are reducing this circuit 
substantially. Therefore, a manufacturing cost can also be reduced. 

[0024] 

[Effect of the Invention] According to this invention, components mark can be substantially 
reduced with constituting the input stage circuit which consists of conventional voltage 
follower circuits and inversed amplification from one MOSFET or two steps of current Miller 
circuits. Consequently, reduction of a manufacturing cost can be performed. 
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